Two fermented milks containing angiotensin-I-converting-enzyme (ACE)-inhibitory peptides were produced by using selected Lactobacillus delbrueckii subsp. bulgaricus SS1 and L. lactis subsp. cremoris FT4. The pH 4.6-soluble nitrogen fraction of the two fermented milks was fractionated by reversed-phase fast-protein liquid chromatography. The fractions which showed the highest ACE-inhibitory indexes were further purified, and the related peptides were sequenced by tandem fast atom bombardment-mass spectrometry. The most inhibitory fractions of the milk fermented by L. delbrueckii subsp. bulgaricus SS1 contained the sequences of ␤-casein (␤-CN) fragment 6-14 (f6-14), f7-14, f73-82, f74-82, and f75-82. Those from the milk fermented by L. lactis subsp. cremoris FT4 contained the sequences of ␤-CN f7-14, f47-52, and f169-175 and -CN f155-160 and f152-160. Most of these sequences had features in common with other ACE-inhibitory peptides reported in the literature. In particular, the ␤-CN f47-52 sequence had high homology with that of angiotensin-II. Some of these peptides were chemically synthesized. The 50% inhibitory concentrations (IC 50 s) of the crude purified fractions containing the peptide mixture were very low (8.0 to 11.2 mg/liter). When the synthesized peptides were used individually, the ACE-inhibitory activity was confirmed but the IC 50 s increased considerably. A strengthened inhibitory effect of the peptide mixtures with respect to the activity of individual peptides was presumed. Once generated, the inhibitory peptides were resistant to further proteolysis either during dairy processing or by trypsin and chymotrypsin.
Milk proteins are precursors of many different biologically active peptides. These peptides are inactive within the sequence of the precursor proteins but can be released by enzymatic proteolysis during intestinal digestion or during food processing. Milk protein-derived bioactive peptides may function as exogenous regulatory substances with hormone-like activity on the different intestinal and peripheral target sites of the mammalian organism. Opiate, antithrombotic, antihypertensive, immunomodulating, antibacterial, antigastric, human immunodeficiency virus type 1 proteinase inhibitory, and mineral carrying are some properties that have been attributed to several of the bioactive sequences identified (for reviews, see references 17-19 and 30) .
Although a number of studies have indicated the need for further clarification, food hormones or "formones" such as bioactive peptides may be included in the formulas of physiologically functional foods and in industrial nutraceutical preparations. To date, antihypertensive peptides, together with phosphopeptides and immunomodulating peptides, are the favorite bioactive peptides for application to foodstuffs formulated to provide specific health benefits (18) .
Angiotensin-I-converting enzyme (ACE; kininase II; EC 3.4.15.1) is a multifunctional ectoenzyme located in different tissues which plays a key physiological role in the regulation of local levels of several endogenous bioactive peptides (4, 25) . ACE has been classically associated with the renin-angiotensin system which regulates peripheral blood pressure, where it catalyzes both the production of the vasoconstrictor angiotensin-II and the inactivation of the vasodilator bradykinin. ACE inhibition results mainly in an antihypertensive effect but may also influence different regulatory systems involved in modulating blood pressure, immune defense, and nervous system activity (16) . Naturally occurring peptides in snake venom were the first reported competitive inhibitors of ACE (6, 26) . Thereafter, many other ACE inhibitors were discovered from enzymatic hydrolysates or the related synthetic peptides of bovine and human caseins (CNs), as well as plant and other food proteins (29) .
Although chemical and physical treatments may have some influence, proteolysis by naturally occurring enzymes in milk, exogenous enzymes, and enzymes from microbial starters such as lactic acid bacteria can potentially generate bioactive sequences from milk protein precursors during dairy processing. The formation of bioactive peptides by lactic acid bacteria in dairy products is currently being debated. There are only a few reports available, and some of the results are somewhat controversial. Biologically active peptides are generated after peptidase hydrolysis of long oligopeptides which are initially liberated by proteinase activity. Since peptidase activity is intracellular in lactic acid bacteria, it has been claimed that lactic acid bacteria probably contribute only after cell lysis, which is considered a rare event in fermented milk due to the short fermentation time (19) . The formation of casomorphins in dairy products by lactic acid bacteria is considered particularly unlikely, since these bacteria have an X-prolyl-dipeptdyl-ami-nopeptidase which can easily alter the X-Pro sequence responsible for the bioactivity of this type of peptide (22) . With regard to casokinins and lactokinins, some authors (27) have concluded that commercial lactic acid starter bacteria do not produce in vitro ACE-inhibitory peptides from either casein or whey. On the other hand, it has been shown that secondary proteolysis during cheese ripening generates various ACE-inhibitory peptides (20) . Some ACE-inhibitory peptides have been isolated from several Italian cheeses, and in particular, the sequence of ␤-CN fragment 58-72 (f58-72) was found in Crescenza cheese (29) . Several casokinins derived from ␤-CN have been liberated by a cell wall-associated serine-type proteinase of Lactobacillus helveticus CP790 (34) , and milk fermentation with starter cultures containing L. helveticus CP790 and Saccharomyces cerevisiae produced two ␤-casokinins with elevated ACE-inhibitory activity (23) . A fermented milk enriched with the opioid ␤-casomorphin 1-4 (f60-63) was produced by using a mutant strain of L. helveticus which lacks X-prolyl-dipeptidyl-aminopeptidase activity (15) . Further studies using selected strains would help to determine the real contribution of lactic acid bacteria to the generation of bioactive peptides during dairy processing.
In this study, we used selected L. delbrueckii subsp. bulgaricus SS1 and Lactococcus lactis subsp. cremoris FT4 to produce fermented milk containing ACE-inhibitory peptides. The ACE-inhibitory peptides were isolated, sequenced, and chemically synthesized, and their bioactivity was characterized.
MATERIALS AND METHODS
Substrates and chemicals. Bradykinin (Arg-Pro-Pro-Gly-Phe-Ser-Pro-PheArg), p-nitroanilides, hippuryl (Hip)-His-Leu, ACE (from rabbit lung; lyophilized powder, ca. 3 U/mg of protein), trypsin (from bovine pancreas; ca. 10,000 N␣-benzoyl-L-arginine ethyl ester [BAEE]/mg of protein), chymotrypsin (from bovine pancreas; 40 to 60 U/mg of protein), insulin chain A, and other chemicals, except acetonitrile, were from Sigma Chemical Co. (St. Louis, Mo.). High-pressure liquid chromatography grade acetonitrile was from BDH (Poole, England).
Microorganisms and culture conditions. L. delbrueckii subsp. bulgaricus SS1 and L. lactis subsp. cremoris FT4 isolated from dairy products and belonging to the culture collection of the Institute of Dairy Microbiology, Agriculture University of Perugia, Perugia, Italy, were used. We routinely propagated lactobacilli in MRS broth (Oxoid, Basingstoke, Hampshire, England) and lactococci in M17 broth (Difco Laboratories, Detroit, Mich.) for 24 h at 37 and 30°C, respectively.
Twenty-four-hour-old cells of L. delbrueckii subsp. bulgaricus SS1 and L. lactis subsp. cremoris FT4 were used to inoculate (2%, vol/vol) 10 ml of ultra-hightemperature-treated (UHT) skim milk (protein, 3.15%; fat, Ͻ0.3%; lactose, 4.95%), which was incubated for 24 h at 37 and 30°C, respectively. These milk cultures were used to produce fermented milk.
Production of fermented milk. UHT skim milk cultures of L. delbrueckii subsp. bulgaricus SS1 and L. lactis subsp. cremoris FT4 were used to inoculate (1%, vol/vol) 50 ml of fresh UHT skim milk. Incubation was carried out under sterile conditions several times at the temperatures previously indicated. Three batches of UHT skim milk were inoculated with each strain. Fermented milk was produced with UHT milk under sterile conditions in order to exclude enzyme interference by contaminant microorganisms. The extent of proteolysis in the fermented milk was monitored by urea-polyacrylamide gel electrophoresis (1) of pH 4.6-soluble and insoluble nitrogen fractions. The pH 4.6-soluble nitrogen fraction was also monitored by reversed-phase fast-protein liquid chromatography (RP-FPLC).
The number of lactic acid bacterial cells in the fermented milk was determined by plating on MRS agar (Oxoid) and M17 agar (Difco) for lactobacilli (72 h at 37°C) and lactococci (72 h at 30°C), respectively.
The protein concentration of the pH 4.6-soluble nitrogen fractions of the fermented milk was determined by the method of Bradford (3) .
Isolation of peptides from fermented milk. Peptides were separated from fermented milk by RP-FPLC using a PepRPC HR5/5 column and FPLC equipment with a UV detector operating at 214 nm (Pharmacia Biotech, Uppsala, Sweden). A 500-l aliquot of the pH 4.6-soluble nitrogen fraction, diluted 1:1 with 0.2% trifluoroacetic acid (TFA), was loaded onto the column and eluted at a flow rate of 0.5 ml/min with a gradient (0 to 80%) of acetonitrile in 0.1% TFA. The concentration of CH 3 CN was increased linearly from 0 to 36% between 5 and 60 min, from 36 to 48% between 60 and 73 min, and from 48 to 80% between 73 and 78 min. Solvents were removed from the collected 1-ml peptide fractions by freeze drying. The peptide fractions were redissolved in 300 l of water, and their effects on ACE were studied.
The protein concentration of the peptide fractions separated by RP-FPLC was determined by the method of Bradford (3) .
ACE activity and inhibition. ACE activity was determined by a modified version of the method of Nakamura et al. (23) . Hip-His-Leu was dissolved (50 mM) in 100 mM Na-borate buffer (pH 8.3) containing 300 mM NaCl. Hip-HisLeu solution (200 l) was mixed with 60 l of a peptide fraction, a synthesized peptide, or water and with 40 l of ACE (100 mU/ml); the mixture was incubated for 45 min at 37°C. The reaction was stopped with 250 l of 1 N HCl; the hippuric acid liberated by ACE was extracted with 1.7 ml of ethyl acetate, and after the ethyl acetate was removed by vacuum evaporation, the hippuric acid was diluted in 1 ml of distilled water and determined spectrophotometrically at 228 nm. Percent inhibition was calculated as follows: (B Ϫ A) Ϭ (B Ϫ C) ϫ 100, where A is optical density in the presence of both ACE and the peptide fraction or synthesized peptide, B is optical density without the peptide fraction, and C is optical density without ACE. The inhibition values reported are the means of four determinations (29) .
The concentration of an ACE inhibitor (crude fraction) needed to inhibit 50% of ACE activity is defined as the 50% inhibitory concentration (IC 50 ). Kinetic constants (K i ) of the inhibition of ACE activity by synthesized peptides were calculated from Dixon plots (5) and used to determine the IC 50 s.
Purification, sequencing, and synthesis of inhibitory peptides. The fractions of the pH 4.6-soluble nitrogen with the highest ACE-inhibitory activity were rechromatographed by RP-FPLC on the PepRPC HR5/5 column. The centers of the inhibitory peaks were then collected, freeze dried, and further purified by gel filtration on Superose 12 HR10/30 (Pharmacia Biotech). Finally, inhibitory fractions from Superose 12 were rechromatographed by RP-FPLC.
The peptides in the purified inhibitory fractions were sequenced by tandem fast atom bombardment-mass spectrometry (FAB-MS). High-energy collisioninduced dissociation mass spectra were obtained on a ZAB-T four-sector (B 1 E 1 B 2 E 2 ) mass spectrometer (Fisons Ltd., Manchester, England) under the control of an OPUS V3.1X data system and equipped with a focal plane array detector consisting of a 2,048-channel linear photodiode array detector. The sample was bombarded with a beam of Cs ϩ ions having an energy of 30 keV. Analyses were performed at an accelerating potential of 8 kV. For collisioninduced dissociation experiments, argon collision gas was used until 50% attenuation of the parent ion beam. The collision cell was held at 50% of the accelerating potential. For each spectrum, 100 to 200 pmol of sample was dissolved in 1 l of 5% acetic acid and the solution was placed on the glycerolthioglycerol (1:1) matrix on the probe tip. Signals recorded in the spectra were associated to the corresponding peptides on the basis of expected molecular weights by using a suitable computer program (software Biolynx; Micromass, Altrincham, United Kingdom).
Some of the peptides identified by FAB-MS were chemically synthesized by NeoSystem Laboratoire (Strasbourg, France). The purity of the synthesized peptides was greater than 92% as determined by high-pressure liquid chromatography analysis and certified by the manufacturer.
Hydrolysis of synthesized peptides by trypsin and chymotrypsin. Aliquots (10 l) of the synthesized peptides (750 M) were incubated with 10 l of trypsin or chymotrypsyn (2 and 4 mg/ml, respectively) and 40 l of Tris-HCl (0.25 M), pH 8.0, at 37°C for 50 min. The reaction was stopped with 100 l of 0.1% TFA, and samples were analyzed by RP-FPLC as previously described. Insulin chain A (240 g/ml, final concentration) was used as the control, and the trypsin and chymotrypsin concentrations used were standardized to have about 80% hydrolysis of insulin chain A.
RESULTS
Production of fermented milk. L. delbrueckii subsp. bulgaricus SS1 and L. lactis subsp. cremoris FT4 were previously selected from among several strains belonging to the same species. The two selected strains were characterized by the highest proteinase and peptidase activities (data not shown).
The kinetics of the degree of proteolysis of the UHT skim milk started with L. delbrueckii subsp. bulgaricus SS1 is reported in Fig. 1 . A 72-h incubation time was selected to produce fermented milk because at that time the RP-FPLC analysis of the pH 4.6-soluble nitrogen fraction showed the most complex peptide profile (Fig. 1D) . Urea-polyacrylamide gel electrophoresis analyses gave analogous information (data not shown). When the RP-FPLC analyses were compared, the peptide profiles of the three batches of UHT skim milk started with L. delbrueckii subsp. bulgaricus SS1 did not differ. The RP-FPLC peptide profile of the UHT skim milk started with L. lactis subsp. cremoris FT4 differed considerably from that of the milk started with L. delbrueckii subsp. bulgaricus SS1, particularly regarding the large amount of peptides contained in the hydrophobic zone of the acetonitrile gradient (Fig. 1F) .
After 72 h of incubation, the two milk batches fermented with L. delbrueckii subsp. bulgaricus SS1 and L. lactis subsp. cremoris FT4 had pH values of 3.9 and 4.3, respectively. The number of lactobacilli and lactococci was ca. 10 9 CFU/g. The protein content of the pH 4.6-soluble nitrogen fractions ranged from 0.8 to 1.5 mg/ml.
Isolation of ACE-inhibitory peptides. Thirty-four fractions from each fermented milk batch were collected by RP-FPLC. The ACE-inhibitory index of each fraction is shown in Table 1 . Several fractions, variously distributed throughout the acetonitrile gradient, showed ACE-inhibitory indexes higher than 40%. In particular, fractions 15 and 16 of the UHT skim milk fermented by L. delbrueckii subsp. bulgaricus SS1 had ACEinhibitory indexes of ca. 70%. Fraction 13 of the UHT skim milk started with L. lactis subsp. cremoris FT4 had a similar ACE-inhibitory index. All of these fractions were located in the 19.6 to 26.2% range of the acetonitrile gradient.
After prolonged incubation, a moderate change in the overall peptide profile was evident (Fig. 1E) ; when the same fractions, 15 and 16, were collected from the UHT skim milk fermented by L. delbrueckii subsp. bulgaricus SS1 for 196 h, they still had an ACE-inhibitory index of ca. 70%. The same was found for the fermented milk produced by L. lactis subsp. cremoris FT4 (data not shown).
The above three fractions were subsequently purified by further RP-FPLC and gel filtration followed by RP-FPLC.
Sequencing and synthesis of peptides. Peptides in the purified fractions were sequenced by FAB-MS. The profile obtained for the most complex fraction (fraction 16 from L. delbrueckii subsp. bulgaricus SS1) is shown in Fig. 2 . All three fractions contained a mixture of peptides, and the respective sequences are reported in Table 2 . Fractions 15 and 16 from the milk fermented by L. delbrueckii subsp. bulgaricus SS1 contained the sequences of ␤-CN f6-14 and f73-82 and f6-14, f7-14, f73-82, f74-82, and f75-82, respectively. Due to the very close positions within the acetonitrile gradient, an expected overlap of the sequences contained in the two fractions was found. All of the peptides contained in the two fractions originated from whole ␤-CN f73-82 and f6-14. Fraction 13 from the milk fermented by L. lactis subsp. cremoris FT4 contained ␤-CN f7-14, f47-52, and f169-175 and -CN f152-160 and f152-160. Also in this case, most of the peptides originated from ␤-CN (␤-CN f7-14 was common to the other two fractions) and two peptides originated from -CN f155-160. It was interesting that the sequence of the hexapeptide Asp-Lys-Ile-His-Pro-Phe (␤-CN f47-52) had the first N-terminal amino acid and the last four C-terminal amino acids in common with the octapeptide angiotensin-II physiologically generated by ACE hydrolysis of the decapeptide angiotensin-I.
The peptides corresponding to the sequences of ␤-CN f6-14, f73-82, and f47-52 and -CN f155-160 were chemically synthesized because they were present in all three inhibitory fractions 0  23  31  2  24  22  0  25  19  1  26  29  19  27  18  25  28  23  32  29  33  1  30  36  2  31  28  1  32  24  3  33  33  29  34  40  40 as a whole fragment or as an internal fragment (e.g., ␤-CN f6-14), were whole sequences which generated intermediate fragments (e.g., ␤-CN f6-14 and f73-82) and, in general, because these ␤-CN fragments were previously reported in the literature (19, 26) as sequences or parts of sequences of multifunctional bioactive peptides. The fragment from -CN was studied further because of the lack of information about the biological activity of peptides derived from this CN fraction.
ACE-inhibitory activities of purified fractions and synthesized peptides. The IC 50 s of the crude peptide fractions and synthesized peptides are shown in Table 3 . The crude fractions which contained the peptide mixtures (Table 2) 
Hydrolysis of synthesized peptides by trypsin and chymotrypsin.
Trypsin and chymotrypsin were used to digest the synthesized peptides. Under assay conditions which caused about 80% hydrolysis of insulin chain A, the ␤-CN f6-14, f73-82, and f47-52 and -CN f155-160 produced by the two lactic acid bacteria in fermented milk were all completely resistant to hydrolysis by trypsin and chymotrypsin (data not shown).
DISCUSSION
L. delbrueckii subsp. bulgaricus and L. lactis subsp. cremoris, two of the most widely used industrial strains, are used as starters for fermented milks and several type of cheeses. In this study, we used two selected strains of these lactic acid bacteria to produce two types of fermented milk which contained ACEinhibitory peptides.
Studies on the synthesis of bioactive peptides from food proteins are dated by several years, but only a few have considered the potential of lactic acid bacteria in dairy products. In some cases, the proteolytic activation of encrypted bioactive peptides from milk proteins was excluded due to some peculiarities (intracellular location and substrate specificity) of the peptidase system in lactic acid bacteria (19, 22, 27) . It was also shown that during milk fermentation, probiotic strains (e.g., Lactobacillus sp. strain GG) may produce several oligopeptides which generate bioactive peptides only after subsequent digestion by pepsin and trypsin (28) . Nevertheless, it must be borne in mind that proteinases of lactic acid bacteria can hydrolyze more than 40% of the peptide bonds of ␤-CN, resulting in the formation of more than 100 different oligopeptides, which are, in turn, actively degraded by the complex peptidase system (11, 21) . More or less the same can be said for ␣ sl -CN (12). Consequently, lactic acid bacteria could potentially generate a large variety of peptides, including bioactive sequences. Indeed, ACE-inhibitory peptides have been found in several types of cheese which differ with respect to the type of starter and the ripening conditions used (20, 29) and most of these cheeses, such as Gouda, Edam, cheddar, Crescenza, and Gorgonzola, used L. delbrueckii subsp. bulgaricus and/or L. lactis subsp. cremoris as a starter. Several studies (14, 24, 34) have reported the synthesis of ACE-inhibitory peptides in sour-milk Calpis fermented by an association of Lactobacillus helveticus and Saccharomyces cerevisiae, as well as the production of the same antihypertensive peptides by using the lactic acid bacterium alone or its extracellular proteinase. In a study conducted on the antihypertensive effects of different kinds of fermented milk in spontaneously hypertensive rats, it was shown that most of the whey fractions of milk fermented by L. helveticus and L. delbrueckii subsp. bulgaricus had high hemodynamic regulatory activity (33) .
ACE is predominantly an ectoenzyme with two catalytic sites, one on each lobe of the extracellular portion (10). Struc- (17) . The purified crude fractions which showed the highest ACE-inhibitory activity in the milk fermented by L. delbrueckii subsp. bulgaricus SS1 contained a mixture of peptides such as ␤-CN f6-14, f7-14, f73-82, f74-82, and f75-82. Essentially two mother sequences were responsible for the bioactivity. The purified crude fraction from the milk fermented by L. lactis subsp. cremoris FT4 had ␤-CN f7-14 in common but differed in fragments such as ␤-CN f47-52 and f169-175 and -CN 152-160 and 155-160. All of the above CN fragments had a higher proportion of hydrophobic residues (Ͼ60%) within their entire sequences; in particular, ␤-CN f73-82 and related intermediates and ␤-CN f47-52 had the last two and three C-terminal amino acids which are hydrophobic (Table 2 ). Except for the N-and C-terminal amino acids, the hexapeptide ␤-CN f47-52 and the heptapeptide ␤-CN f169-175 contained only hydrophobic amino acids. The genetic and biochemical properties of proteinases and peptidases of L. lactis strains have been studied in depth (11) (12) (13) 21) . The proteolytic systems of lactobacilli are remarkably similar in their components and mode of action. Cleavage sites corresponding to the peptide bonds of residues 46 to 47, 52 to 53, 168 to 169, and 174 to 175 of ␤-CN and 160 to 161 of -CN are hydrolyzed by all of the lactococcal proteinases studied, while sites corresponding to residues 6 to 7, 72 to 73, and 82 to 83 of ␤-CN are cut by several L. lactis subsp. cremoris proteinases. As a consequence, most of the ACE-inhibitory peptides produced in the milks fermented by L. delbrueckii subsp. bulgaricus SS1 and L. lactis subsp. cremoris FT4 may result directly from these specific activities alone or together with the contribution of the broad-spectrum peptidase activities (11) (12) (13) .
The peptides identified in this study have several other features in common with other reported ACE-inhibitory peptides. Concerning the ACE-inhibitory peptides contained in the milk fermented by L. delbrueckii subsp. bulgaricus SS1, ␤-CN f73-82 and the related intermediate ␤-CN f74-82 had, within their whole sequences, the tripeptide Ile-Pro-Pro (␤-CN f74-76), which has been identified in sour-milk Calpis and showed an antihypertensive effect when orally administered to spontaneously hypertensive rats in a mixture with another tripeptide (Val-Pro-Pro) (33) . The C-terminal sequence of ␤-CN f73-82 and related intermediates (Gln-Thr-Pro-Val) showed a high degree of homology with the C-terminal sequence Gln-GlnPro-Val of an antihypertensive heptapeptide which corresponded to ␤-CN f191-197 (33) . ␤-CN f7-14 and a related intermediate contained the internal sequence Asn-Val-ProGly, which also characterized part of the sequences of several antihypertensive peptides isolated from both ␤-CN and fish proteins (32, 34) .
Concerning the peptides contained in the milk fermented by L. lactis subsp. cremoris FT4, ␤-CN f47-52 is a part of another ACE-inhibitory peptide corresponding to the longer ␤-CN f43-69 sequence (34) and the C-terminal His-Pro-Phe tripeptide had elevated homology with the C-terminal His-Thr-Phe sequence of several other ACE-inhibitory peptides derived from tuna muscle (32) . It should be noted that the ␤-CN f47-52 sequence (Asp-Lys-Ile-His-Pro-Phe) has five residues (including the last four C-terminal residues) in common with the octapeptide angiotensin-II (product of the ACE activity) and that some drugs used in antihypertension therapy are based on compounds which may compete for the receptor sites of the vasoconstrictor angiotensin-II due to their partial homology with this product of ACE activity. Angiotensin-II receptor antagonists (such as losartan) competitively block angiotensin-II-induced vascular contraction (9) . Moreover, especially in patients with diabetic nephropathy, the addition of an angiotensin-II receptor antagonist to the ACE inhibition therapy regimen attenuates angiotensin-II renal effects better than ACE inhibition therapy alone (8) . The ␤-CN f169-175 sequence was also identified in CN hydrolysate produced by the purified extracellular proteinase of L. helveticus (14) . This peptide did not show strong ACE-inhibitory activity (IC 50 , Ͼ1,000 mol/liter). However, the corresponding hexapeptide, LysVal-Leu-Pro-Val-Pro, obtained after liberation of the C-terminal Gln residue by pancreatic digestion in vitro, had strong ACE-inhibitory activity (IC 50 , 5 mol/liter), as well as a remarkable antihypertensive effect in vivo. Reports of ACEinhibitory peptides derived from hydrolysis of -CN are rare and correspond to very short sequences, such as -CN f38-39, f25-34, and f24-26 (2, 17, 31) . Most of the bioactive peptides from -CN have antithrombotic activity (19) . The one characteristic common to -CN f152-160 and f155-160 in this study and other antihypertensive peptides derived from CNs is the elevated proportion of hydrophobic amino acids in the whole sequence. The synthesized peptide -CN f152-160 had the highest IC 50 (Ͼ1,000.0 mg/liter).
The IC 50 s of the crude purified fractions containing the mixture of the identified peptides are very low and comparable to those of the most active ACE-inhibitory peptides reported in the literature (19, 26) . When some of these peptides were chemically synthesized and individually used, the ACE-inhibitory activity was confirmed and, except for that of -CN f152-160, the IC 50 s were ca. 20 to 30 times higher but still within the range found for several other antihypertensive peptides.
Some regions in the primary structure of CNs have been considered to be strategic zones, since they are partially protected from proteolytic breakdown (7) . On the other hand, bioactive peptides that have been produced by limited proteolysis during processing could be further digested by intestinal proteinases or brush border peptidases, which would decrease or eliminate their biological activity (19) . The ACE-inhibitory fractions found in milk fermented by L. delbrueckii subsp. bulgaricus SS1 and that fermented by L. lactis subsp. cremoris FT4 for 96 h had the same ACE-inhibitory indexes after prolonged incubation for 196 h, thus excluding, under our conditions, further hydrolysis by microbial peptidases. All of the synthesized peptides identified in the crude inhibitory fractions were completely resistant to trypsin and chymotrypsin under the assay conditions used, which caused 80% hydrolysis of the insulin chain A used as a control. These findings may show that inhibitory peptide mixtures produced by the two selected lactic acid bacteria may withstand subsequent proteolysis during dairy processing and by intestinal proteinases.
To our knowledge, this is the first report which shows with certainty the production of CN-derived ACE-inhibitory peptides by L. delbrueckii subsp. bulgaricus and L. lactis subsp. cremoris. Further work will address the optimization of dairy processing conditions and the genetic manipulation of strains to favor the overproduction of ACE-inhibitory peptides.
